WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
A61B 5/024, 5/029, 8/02, 8/06 



Al 



(11) International Publication Number: WO 99/66835 

(43) International Publication Date: 29 December 1999 (29.12.99) 



(21) International Application Number: PCT/AU99/00507 

(22) International Filing Date: 23 June 1999 (23.06.99) 



(30) Priority Data: 
PP 4318 



24 June 1998(24.06.98) 



AU 



(71) Applicant (for alt designated States exc eptUS)i NORTHHEW 
CARDIAC SONOGRAPHY PTY, LTD. (AU/AU]; P.O. 
Box J241, Coffs Harbour, NSW 2450 (AU). 

ffiESSS^ (for ^ o»lyK. PHnXIPS. Robert 
^-fSm^^ J24lVCoffs Harbour, NSW 2450 (AU). 

Agent; FREEHILLS PATENT ATTORNEYS, Level 3 4 U MLC 
<?4) 8 Sn^artin Place, Sydney. N$W 2000 (AU). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR BY, CA. CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, 
GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, 
KP KR, KZ, LC. LK, LR, LS, LT, LU, LY, MD, MG, MK, 
MN, MW, MX, NO, NZ, PL, PT, RO. RU, SD, SE, SG, SI. 
SK, SL. T7, TM, TR, TT, UA, UG, US, UZ, VN. YU, ZA. 
ZW; ARIPO patent (GH, GM, KE, LS. MW. SD, SL, SZ, 
UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, 
RU, TJ, TM), European patent (AT. BE, CH, CY. DE, DK. 
ES, FI FR, GB, GR, IE, TP, LU, MC, NL, PT, SE), OAPI 
patent (BP, BJ, CF, CG, CI, CM. GA, GN, GW. ML, MR, 
NE, SN, TP,TG>. 



Published 

: With, international search report. 



(54) Titles ULlRASONlC CARDIAC OUTPUT MONITOR 




(57) Abstract 



Amethodofcaroiacphys^^ 
attached to a patient to determine ah Wc*£££K£^^ 

signal to determine physiologic V^^f^J^^^^^^^Sc output or any other product as an analogue of 

J^n^^ * ****** 8 

predetermined orientation to the patient's heart. 



A/09S56{*35 [http://vA^v.qetthepatentx o Psae2_pf 22 



c 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCX on 



AL 


Albania 


.......ES,.':.. 


:..Spafo.,v...: 


..LS...: 


...'.Lesotho.:.:. . 


si 


AM 


Armenia 


. fi': : '.': 


: . .Finland ' 


LT 


Lithuania . 


SK 


AT 


Austria 




France'' 


lu 


Luxembourg 


SN 


AU 


Australia 


GA 


Gabon 


LV : 


-{•Latvia: 


SZ 


AZ 


Azerbaijan 


. GR;-;; 


Unjted kingdom 


MC 


: .;'.Monaep; . 


TD 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


7-' ; TG 


BB 


Barbados 


GH 


'"Ghana 


MG 


Madagascar 


TJ 


BE 


Belgium - 


CN 


• Guinea 


MK 


The former Yugoslav 


. . . . TM 


BF 


Burkina Faso 


CR 


Greece 




Republic of Macedonia 


TR 


BG 


Bulgaria 


HU 


.Hungary 


ML 


....Mali.,.:::...../.. 


.. .TT 


BJ 


Benin 


IB 


Ireland 


MN 


Mongolia 


UA 


BR 


. Brazil 




.Israel' '. . 


mr 


Mauritania 


:uc 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


CA 


Canada 


IT 


Itaiy 


MX 


Mexico' 




CF 


Central African Republic 


jp 


Japan 


NE 


Niger 


VN 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YV 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


... Norway 


zw 


CI 


Cfitc d'lvojre 


KP 


Democratic People's 


NZ 


New Zealand 




CM 


Cameroon 




. Republic of Korea 


'.' pl :. 


!'. Poland.! 




CN 


China 


KR 


Republic of Korea 


PT 


Portugal 




CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 




CZ 


Czech Republic 


LC 


Saint Lucia • 


RU 


Russian Federation 




DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 




DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 




EE 


Estonia 


LR 


Liberia 


SC 


Singapore 





applications under the PCTV 

Slovenia 
.Slovakia 
Senegal 

Swaziland 

;.Chad.;V:.'-'. . .\. 

Togo 
TajDdstan 

Turkmenistan 

Turkey 

Trinidad and Tobago 
Ukraine 

:.uganda.. .: : 

United Slates of America 
Uzbekistan 

Viet Nam 

Yugoslavia 
Zimbabwe 



WO 99/66835 



PCT/AU99/00507 



ULTRASONIC CARDIAC OUTPUT MONITOR 

Field of the Invention 

The present invention relates to the field of cardiac 
monitoring and, in particular, discloses a method for 
5 utilisation of an external transducer element in ultrasonic 

cardiac monitoring. 

Background of the Invention 

The process of accurate cardiac physiologic monitoring 
is obviously an important process during acute illness and 
10, ... .anaesthesia.^;.^ 
... : cardi:ac : :fu 

; : Ciiorrent : m^ of di rect cardiac monitoring are 

expensive, technically difficult to operate and provide for 

15 • variable results. . .. ............. 

One common form of monitoring is the electrocardio- 
. graphic method: whip the electrical- 1 c 

activity. Unfortunately, this method only provides for an 
indirect monitoring of cardiac muscle conductivity and not 
20 ^-biob<±^ 

method of cardiac physiologic monitoring utilising 2D 
transoesophageal echocardiography ventricular . 
transections. However, this method is invasive, expensive: 
and inacc^ 

25 that only 6 of 16 myocardial . segments are imaged at any 
time. Unfortunately, normal left ventricular myocardial 
function varied 

intersegmentally and the 2D evaluation pf the w^ll motion 

requires .spatial^ a only • 

30 acquired after a programme of extensive and expensive 

physician training 

There is therefore a general need for:; an improved, 

more convenient form of cardiac physiologic monitoring. 

Summary of the Invention 
35 It is an object of the present invention to provide 
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for an improved form of cardiac physiologic monitoring 
utilising ultrasound techniques. 

In accordance with a first aspect of the present 
invention, there is provided a method of cardiac 
5 . physiologic monitoring comprising the steps of.: 

(a) utilising an external ultrasonic transducer element 
attached to a patient to determine an information signal 
indicative of blood f low -within a" patient 1 s heart; 

(b) processing the information signal to determine 

10 physiologic parameters associated with the heart function. 

The ph^siol can include at least one of { 

transaortic peak velocity, mean trans valvular pressure 
gradient / time velocity integral , stroke volume, cardiac 

output or any other product as an ah a 1 pg ue of output. 

.15. The.. method . caLn . preferably., i^ the 

change in time of the physiologic parameters through 
continual moni^ of . the information signal . 

"7 ' The'm^ 

• .;jan 

;.-2Q':": ; --vpr^eternniirieB^ {[y^i-iy-iyy. 

... ,;: ,,:Th can;; :. : -y1;i>-L 

7ihclude am . 

transducer in a predetermined orientation to the patient f s : ' ' ~- 

heart'-' ; "l- v^v;; ; :;vr:-;yvv-v ; --r- -^v.-- ;v;; ■ ^ j-- • ■ ■ : 

25 : : In accordance with a further- aspect., of the present 

invention, there is provided a cardiac monitoring system 
comprising : an external ultrasonic transducer element 
adapted to be attached to a patient to provide an 
: information signal, indicative of blood flow within a 

30 . patient's heart ;. computer processing means, interconnected 
to the! transducer element and adapted to process the 
information signal to determine physiologic parameters 
associated with the heart. 

The physiologic parameters can include at least one of 

35 transaortic peak velocity, mean transvalvular pressure 
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gradient, time velocity integral, stroke volume, cardiac 
output or any other product as an analogue of flow. 
Brief Description of the Drawings 

Notwithstanding any other forms which may fall within the 
scope of the present invention, preferred forms of the 
invention will now be described, by way of example only, 
with reference to the accompanying drawings in which: 

Fig. 1 illustrates an example output of • a ventricular 
insonation; 

Figs. 2 and 3 illustrate various features of the 

output, of Pig;,.. .1;.. . 

Fig . 4 is a; perspective view of an arrangement of the 
:pre f erred embodiment when uti 1 ised tp monitor a patient; 
.Fig. ... 5 illiistrates ;a..^ 

.. ...element;. , ; . .... .. . .. . . 

Fig. 6 is a functional block diagram of the preferred 

: embodiment •; - and 

Fig. 7 illustrates ah example form 6f user interface 
suitable for* use wit h^ 
v Description of Prefer^ . 
In the preferred ei^odiment, simple boppler 
. echocardiographic • ^ f low is 

^utilised to ptovi^ 
output information which allows for the utilization of 
equipment that is simple : in design, durable, inexpensive to 
manufacture and easy to operate. 

In the preferred embodiment , . transaortic and 
transpuimonary continuous wave (few) boppler analysis is 

adapted for .use^^ Continuous 

wave Dopple^ is. well .valida 

graphic metK6d: of i quantitatihg ca with low 

inter and intra observer variability. . 

Turning to Fig. 1, there is illustrated an example CW 
screen grab output 1 from a 7777 device which provides for 
a measure of blood velocity over time. The CW method 
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detects the velocity of individual blood cells by measuring 
the frequency change of a reflected ultrasound beam and 
displaying this as a time velocity flow profile as 
indicated in Fig. 1: 
5 Appropriately directed Doppler insonation from the 

apical or suprasternal acoustic window provides a time 
velocity profile of transaortic flow, while insonation from 
• the parasternal - window ■ provides a t ranspulmbhar y flow 
profile. This flow profile is an analogue of cardiac 
10 output and is a real time stroke 7 to stroke measure of 
cardiac physiology. 

The preferred embodiment utilizes the flow profile to 
generate a corresponding change monitoring of the flow 
. .. profile with time. : The spectral; flow ..prof ile can be image 
15. processed to be accurately, edge detected, providing a real 
time Computed read out of transaortic peak velocity (Vpk) 

Heart Rate (HR) , means trarisvaXvul^r ; pressure -gradient 

:r / : = j (PtoT)' t irrie velocity iriteg^ : ''^'itK-;a" pr^measur ed 

aoiti^^ 

analogue of output can be determined. The measures (Vpk) , 
tyi and HR are illustrated in Fig. 2. ... 
: : intracardiac fiid^ 

pulmonary valve must be equal in the absence of significant 
25. regurgitation or trans-septai : f ibw. ^shurit) / arid regardless, 
both can be used to ref lect changes ^ output , so 

the choice of whether transpulmbnary or transaortic 
monitoring is chosen can depend only on the ease of signal 
access. 

3Q Although absolute flow can be determined using aortic 

' "! vaive or : pulmonary artery diameter derived from a 2D 
echocardiogram, this may not be required as the relevance 
of physiologic monitoring is dependent on detecting 
•temporal changes in output . Therefore, a change from 
35 either the baseline transoartic or transpulmonary profile 
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would, providing there was no significant change in the 
angle of insonation, represent a change in output 
proportional to the change in the baseline parameters (tvi, 
Pmn, Vpk and CO) etc. 

In the preferred embodiment normal variance ranges for 
haemodyhamic parameters : can be preferably user selected 
from the reference cycles so that an alarm would sound if 
signals exceeded in Fig. 3, the 
tolerance for alarm activation for (Vpk) could be a stepped 
user selected variable set to compensate for individual 
baseline stroke to stroke yariabil;i;ty;:;;](--l;5% , ; -20% , -30% 
etc) . 

Arrhythmias are associated with : cardiac disease and 

can ' produce high stroke . ;to . s t roke : . : ya r iab i lity . of 

: haemodynamic parameter Sxm^ 

signal analysis unrepresentative. This can be addressed 
using mult i cycle signal averaging so that a user selected 
variable number o'f Cydies^ w give mean 

Vpk, Pmn, tvi and CO parameters for alarm detection and the 
: set t i rig of : w i de alarria ;par 
^variability. .. . . . '. 

The direct measurement: of tran : 3Pulmonary flow can. be ,. 
Achieved by applying a small CW transduce r with an adherent 
gel coupling layer to the surface of the skin at the left 

parasternal acoustic window; adjacent to the sternum in an 

intercostal interspace, while the trans aortic flow can be 
detected from the intercostal space associated with the 
palpable ventricular apex beat or. from the suprasternal 
notch,; .. . The. transducer can be f i^ed. in. place with adhesive 
tape or sheet and or a transthoracic belt utilising a thin 
gel coupling layer to ensure. transducer . s kin contact . 

In Fig. 4 there is illustrated an example arrangement 
with a patient 10 being monitored utilising a transducer 
element 11 interconnected with a computer signal processing 
unit 12. 
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In Fig. 5, there is illustrated an enlarged sectional 
view of the transducer element 11 which includes a 
transducer 15 attached to a positioning device 16 which can 
be utilised to, initially set the position of the 
5 transducer. Between the transducer 15 and a person's skin 
17 is placed a gel coupling layer 18 for coupling the 
ultrasonic transducer vibrations to the skin 17. 

Turning now to Fig* 6, there is illustrated/ in 
functional bio one form of construction of 

10 " theLcprtpUteJc' . 'iystm-'X^' of Fig. 4 . The system 12 includes a 
master oscillatpr; 20 which is interconnected to a 
transmitter 2 V which is responsible :f or transmitting the 
oscillation : to • transducer 11: ; The transducer :li includes 
receiver 22 Which is f orwarded to a ^demodulating element 2.3 

15 Which, utilises fpha 

so as to demodulate the received signal from receiver 22 so 
as to provide f or : ; a ; ; spectral output which;: is forwarded to a 
spectral analyser 24 which can in turn include a computer 
/.digit&TI^ .. .. . . . 

20 output signal so as to determine the relevant parameters. 

The spectral analyser 24 can comprise a computer type . . . 
device with appropriate DSP hardware. The spectral 
analyser 24 outputs to a spectral display 25 which can 
include a standard user interface of relevant information. 

25 For example /in Fig . 7 , there is shown an example display 
output which IH for setting various 

sensitivity and alarm ranges so as to provide for full 
cardiac physiologic monitoring. 

The ! CQntlnupus wave ultrasound 

30 3. OMhz ) 11 .• can include a small raised : toggle .for angular 
adjustment:: The: transducer; can be: strapped to the : left 
ventricular apical intercostal window/ the left parasternal 
intercostal window or the suprasternal notch and fixed in 
place with an adhesive sheet or tape, and a belt. 

35 . Turning now to Fig. -8, there is illustrated the steps 
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involved in the method of requisite features extraction by 
the DSP processor. The steps 30 rely on standard image 
processing techniques well known to those skilled in the 
art of computer image processing, 
5 . Initially, a first CW image is captured 31. From this 

image, the edges are extracted 32 and analyzed so as to 
determine the relevant perameters 33. By repeating the 
process 31-33 for multiple frames, it is possible to 
determine variations in time base perameters 34 . These 
10 variations can be saved 35 or output 36 for display and 

: ;- monitorihgi ; j/. : * t ':: : ':";;: *':t 

Obviously, many different arrangements of a system are 
possible . The system could; be f utilised ss a stand alone 
physiologic monitor, integrated with oximetry, ECG etc or 
15 ... to provide for. a. remote monitor. with.;Jpn-j^a.cc|. analysis or 
remote transmission. 

.. .it would be appreciated by in the art 

that numerous variations and/or modifications may be made 
to the present invention as shown in the specific 
20 embodiments without departing .f the spirit or scope of 
the invention as broadly described. The present 
embodiments are, therefore, to be considered in all 
respects to be illustrative and not restrictive. 
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We Claim: . . 

1. A method. of cardiac physiologic monitoring 
comprising the steps of: 

(a) utilising an external ultrasonic transducer 

5 element attached to a patient to determine an information 
signal indicative of blood flow within a patient's heart; 

(b) processing said information signal to determine 
physiologic parameters -associated with the heart . 

2 i A method as claimed in claim 1 wherein : said 
10 physiologic par^ters include at least one of transaortic 
peak velocity^ gradient, time 

velocity iritegr^^ or any 

other product as an analogue of output . 

3. A method as claimed in claim 1 further comprising 
15 the. step:..-. J L;. : v/:.;.V. .. ..... . : .. ..... 

(c) monitoring the change in time Of said physiologic 
parameters through continual monitoring of said information 

^i^^^;S^^j:::iJ: ... .L::w.:...: ; LL ..' :: . ■ ;. .L ; • . •' 

" " rf 4"Z •; ' A me t hod ; : a s ■ cl a iriie d in' claim 3 wherein said 
20 mo nit o riri^ : -s t ep ; i nel ^des determining a rv alarin state : if : s Sid 
parameters are outside a predetermined range ♦ 

5* A method as claimed in claim 1 wherein said . 
external u attached handle: 

operative; to position '"'^id^t'^^^^X''^ a v-pris^^fei^'hetf' 
25 orientation ■ to,. said : patient ' s heart..:, 

6. A cardiac monitoring system comprising: 

an external ultrasonic transducer element adapted to 
be attached to -a patient to and to provide an information 
signal indicative of blood flow within a patient's heart; 
30 computer; processing means , interconnected to. said 

transducer element and adapted information 
signal to determine physiologic parameters associated with 
the heart . 

7 . A cardiac monitoring system as claimed in claim 6 
35 wherein said physiologic parameters include at least one of 
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transaprtic peak velocity, mean transvalvular pressure 
gradient, time velocity integral, stroke volume, cardiac 
output or any other product as an analogue of output. 

8. A cardiac monitoring system as claimed in claim 6 
5 further comprising: 

alarm means interconnected to said computer processing 
means and adapted to emit an alarm if said parameters are 
• outside a predetermined range. 

9. A cardiac monitoring system as claimed claims 6 
10 wherein said external ultrasonic transducer element 

includes an attached handle operative to position said 
transducer in a predetermined orientation to said patient's 
heart . * 
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